Two previous papers in the JRSMhave described the progress of orthopaedics from ancient Egypt to the time of Galen', and thence to Harvey2. In the latter it was observed that Harvey's discovery of the circulation could be taken as a landmark in orthopaedics, because, by opening the door to the rational study of physiology -as Welbourn3 has put it -he provide,d both a basis and a stimulus for advances in the field of scientific surgery, and especially the surgery of bone and joint disorders.
It was not long before the situation was exploited. Clopton Havers was born in 1657 into a nonconformist household, and a year after gaining his Utrecht MD was admitted to Fellowship ofthe young Royal Society, then under the presidency of Samuel Pepys. It was to this Society that, in 1689, he gave a series of five lectures on the anatomy of bones which he published two years later as the Osteologia Nova. In his book he described the canals which bear his name, but although he observed certain small blood vessels in his preparations, he held to the view that his canals themselves existed for the penetration of marrow fat. ' I made myself certain that these Pores, for the generality of them which I examined, had no Vessels which passed into '4 them ' He may have been anticipated by Antony van Leeuwenhoek who had noted the presence of vessels and canals alike, though paying little attention to the significance of either structure, in his 1674 communication to the Royal Society; but it was Havers rather than van Leeuwenhoek who was prepared to ponder the implications of what he saw in this instance.
Robert Nesbitt -also the son of a dissenting minister -was born in 1700, studied at Leyden under the elder Albinus, and was contemporary and friend of Albinus the younger. In his lectures, published as Human Osteogeny in 1731, he drew the distinction between ossification in cartilage and in membrane:
'the bony particles in foetuses begin to be deposited or to shoot either between membranes or within cartilages. Those which shoot between membranes are what form most of the hardest and most solid of foetal bones, and appear much sooner than the others, which compose all epiphyses, and such bones only, whose places are supplied for some time by cartilages which have nearly the same shape those parts are naturally of, when they become bony' and he related these to the pressures imposed on the precursor tissues in fetal life. ' As an example, we find the clavicles and ribs to be ossified, even when they are so small, that it is demonstrable, from the consideration of the use they are designed for (which is to keep the thorax always sufficiently dilated, and thereby secure the motions of the heart from all manner of impediments and obstructions, they might be liable to from the collapsing of the sides of the thorax by pressure) that no other animal substance but bone of their size could be sufficient to perform that office.' Based on paper read to New Zealand Orthopaedic Association, October 1984 In this he was more precise than his friend Albinus, though their thoughts ran along similar lines5. It was Albinus, ofcourse, who occupied the Chair at Leyden from the death of his father in 1721 for almost half a century, and whose Tables are one of the significant works of eighteenth-century osteography. But Nesbitt's understanding of the two varieties of ossification did not penetrate to the standard literature for about a century; and this in spite of the fact that by marrying an aunt of the notorious John Wilkes, he acquired as brother-in-law James Douglas the anatomist, patron of William Hunter.
It was surely less this connection than his own inquisitive genius that led John Hunter to apply himself to the matter ofbone growth. He appreciated the fact that 'bone is not the original skeleton in any animal, but only of the adult; for in the first formation of any animal, which afterwards is to have bone, the skeleton is either membrane or cartilage, which is changed for bone but not into bone '6. The critical point is that the process is a substitution, with a different microscopic architecture in bone from that of its cartilaginous precursor, and not a mere transformation with preservation of the existing architecture.
Three other aspects of Hunter's work merit mention: (1) his experiments with cautery and shot markers ( Figure 1 ) in which he established that bone, The Royal Society of Medicine Figure 2 . Nicholas Andry (1658-1742) gave orthopaedics its name and the symbol of the Crooked Tree once deposited, remains constant in length and that growth is by deposition at either end of the existing portion; (2) his madder experiments where, in bone and teeth alike, dense staining occurred of the portion being laid down during the administration of madder, whereas previously laid-down bone stained only weakly and existing -avascular -tooth tissue did not stain at all; (3) his observations on moulding, especially as related to the femoral head, where he saw the need for bone resorption to allow anatomical prominences to migrate, as it were, in measure with longitudinal growth.
The documentation ofthis process ofresorption, as it relates to diaphyseal aclasis, occurred as recently as 1920 and was due to Sir Arthur Keith. He ofcourse has two other claims to fame: the first that he was author ofMenders ofthe Maimed7, which is one ofthe classic historical commentaries in orthopaedics; and the second that because of his eminence as an anatomist he was involved in, and became one of the victims of, the Piltdown -scandal'. Meanwhile, the cell involved in this moulding process, the osteoclast, was identified by von Kolliker in 1873; and he, or at least his hand, re-enters the story later.
But to revert to the legacy of Harvey, this was evident as much in the careful description oforthopaedic disorders as in the study of bone growth. Francis Glisson, like Harvey, was a physician: he became Professor of Physic at Cambridge and was also -like Harvey before him and Nesbitt after -a Lumleian lecturer (it was in one of these lectures, it will be recalled, that Harvey first asserted the circulation of the blood). To Glisson we owe the classical description of juvenile rickets; the cause of the disease eluded him though he did recognize that it could coexist with scurvy. In medical treatment he was the prisoner of his background; but in the correction of deformity he followed sound mechanical principles (so that Glisson's sling for treating spinal curvature survived at the Royal National Orthopaedic Hospital until the early part of this century). In these respects Glisson resembled Nicholas Andry of Paris -half a century later -whose regimen for the management of rickets included a little white wine, a bed made ofthe leaves of the female fern dried in the shade, fortnightly purging with syrup of peach blossoms, a morning cup of tea, and moderate exercise9. Andry's ideas on splintage were akin to those of Glisson, and his illustration of them provided orthopaedics with its symbol:
'If the leg is already crooked, you must apply, as soon as possible, a small plate of iron upon the hollow side of the leg and fasten it about the leg with a linen roller. This roller must be made tighter and tighter every day, till it compresses sufficiently the part that bunches out, and that this compression may not hurt it, you must put a large compress under the bandage on that part of the leg. In a word, the same method must be used in this case, for recovering the shape of the leg, as is used for making straight the crooked trunk ofa young tree'9.
while the book in which he dealt with these matters gave the speciality its name (Figure 2 'It seems as if only so much of the internal part of the bone was become carious as receives nourishment from the artery which enters the middle of the bone; and as a caries is a mortification of a bone, might not this disease arise from a hurt in the vessel which nourishes that particular part. '1 Cheselden was president ofthe Company ofSurgeons, and was a draughtsman of sufficient standing to have Putney Bridge built to his design.
A generation younger than Cheselden was Percivall Pott. He too contributed equally to the surgical life of his generation and to the eponymy of orthopaedics. In the year in which Cook discovered New Zealand, Pott described the fracture which bears his name, though it was not this injury but a compound fracture of the tibia which he had himself suffered thirteen years before, when his horse threw him in the Old Kent Road. Unwilling to have himself moved in a way which might further compound this fracture, he negotiated from his position in the mud and cobbles for the purchase of a nearby door, had himselftransferred to it and was carried on this makeshift litter back to his hospital -St Bartholomew'swhere his old chief Edmund Nourse was on hand and able to save the limb, at a time when amputation was normally the mildest consequence of such an injury. We may admire the precision of Pott's account of the paraplegia which bears his name:
'An adult will tell you that his first intimation was a sense of weakness in his backbone accompanied with what he will call a heavy dull kind of pain attended with such a lassitude as rendered a small degree of exercise fatiguing; this was soon followed by an unusual sense of coldness in the thighs, not accountable for from the weather, and a palpable diminution of their sensibility; that in a little time more his limbs were frequently convulsed by involuntary twitchings, particularly troublesome in the night; but soon after this he became incapable of walking. '12 At the time Pott wrote those words, Abraham Colles was a six-year-old boy, left fatherless in the countryside of Ireland. He trained in Dublin and Edinburgh, walking from Edinburgh to London after gaining his degree because he could not afford to ride. But by the age of29 he was the President of the young Irish College of Surgeons. In 1814, in the Edinburgh Medical and Surgical Journal, he described the fracture which bears his name. In the accounts ofhim which have come down to us, however, it is not simply his distinction but his gentlemanly qualities which shine through.
The same could hardly be said of his contemporary in Paris, Guillaume Dupuytren, who was known as the 'brigand of the Hotel Dieu'. But that cannot detract from the precision of his writing. In 1819 he described the mode of production of his fracture in these terms:
'CN Guillemain, a joiner aged 54, of sanguine temperament, was coming half drunk out of a pot house for the purpose of making water when, reeling along in a hurried manner he came to an inclined and slippery piece of ground where he fell, his right leg being extended outwards from the body, the weight of which it had to sustain together with the superadded momentum of the fall ... what most attracted attention was the shortness of the leg, together with the almost doubled interval comprised between the malleoli, and their prolongation downwards to a level with the sole of the foot." 3 The third near-contemporary of this period was Benjamin Brodie. Like Colles he enjoyed widespread respect, so that when the Medical Act of 1857 led to the setting up ofthe General Medical Council, he was the logical choice as its first chairman. However, he is of interest to us much earlier: he qualified in 1805, the year of Trafalgar; was appointed to the staff of John Hunter's old hospital, St George's, two years later; and in 1818 wrote his book on the diseases of joints, following this in 1832 with the account of the abscess which bears his name:
'On further examination the cavity was discovered from which the pus had flowed, capable ofadmitting the extremity ofthe finger. The inner surface ofthis cavity was exquisitely tender; the patient experiencing the most excruciating pain from the gentlest introduction of the probe into it. From the time of the operation the peculiar pain which the patient had previously suffered was entirely relieved; and it was not long before he was quite restored to health and able to walk and pursue his occupation without interruption. I have seen him lately, nearly two years from the time of the operation having been performed, and he continues perfectly well."4 All these men could observe carefully, record accurately, and deduce shrewdly from what they had been able to see. But in the management of orthopaedic disorders they were limited to largely futile medication, to forms of splintage and support which had evolved only slowly since ancient Egypt, and to such operative procedures as could be carried out in the space of a minute or two, and that with the ever present threat ofoverwhelming infection. And indeed it was only really in the second half of the nineteenth century that this impasse was to be broken.
The first breakthrough was the advent in 1846 of anaesthesia, which broadened the scope and extended the time-scale of operative intervention. But especially in bony operations the spectre of overwhelming infection still loomed. It may be recalled that John Hunter in 1762 served with the expedition which was sent into Portugal in the latter stages of the Seven Years' War. Arising out of this experience Hunter wrote against the debridement of wounds, and he has been criticized for this. However, as Qvist'5 has pointed out, debridement in those days was tantamount to meddling, and as in so many of Hunter's writings, he had the uncanny gift of getting to the root of the matter: thus his caution was not against debridement for its own sake but against the unfortunate consequences of the meddling which it entailed.
Given these particular hazards of operations on bone, it is not surprising that Joseph Lister's first successful application of his antiseptic principles in the use of carbolic acid was carried out in a series of compound fractures, commencing with the elevenyear-old James Greenlees in August 1865. His solution of carbolic acid in linseed oil, and the carbolic putty of his early cases, was later backed up with the carbolic spray. The photograph of the spray ( Figure  3) It is well recognized that antiseptic surgery, and the aseptic surgery which followed it, cleared the way for the performance of osteotomy, the development of the osteotome and bone grafting by MacEwen; and combined with the no-touch technique, it enabled Arbuthnot Lane to proceed to the internal fixation of fractures.
But it was not until the very end of the century, late 1895 in fact, that the triad of developments was complete when Wilhelm Conrad Rontgen published his paper 'On a new kind of Ray', and illustrated it with a view of the hand of his friend Professor von Kolliker, who is remembered as the discoverer of the osteoclast.
Thus, at the turn of the century, orthopaedics was in a position to emerge as a specialty. Already centres of orthopaedic excellence were in existence. The endowment which William John Little had coaxed out of his friends in 1840 when the old Queen was young (and New Zealand in the process ofbecoming a British colony) had become the Royal Orthopaedic Hospital and would flourish as the Royal National. And Liverpool, likewise, had been established as an orthopaedic centre: prior to the death of Hugh Owen Thomas in 1891, his nephew Robert Jones was already bringing to that scene the charm which his uncle so conspicuously lacked. The American Orthopaedic Association had been founded in 1887, and although the British Association was not to be formed until 1918 through the energy of Robert Jones, and with Muirhead Little (youngest son of WJ) as its first President, it is nevertheless fair to concur with the review of Frederick Watson (son-in-law of Robert Jones) that 'the turn ofthe tide came in the year 1900. It was then that orthopaedic surgery began to see daylight in the care and cure of crippled children '17; and -sorting out the metaphors -to observe that in the twilight ofthe Victorian age may be seen the dawn ofthe age oforthopaedics as a specialty.
